Aim: To evaluate the influence of the format and surface treatment of implants, as well as the substrate used in primary stability. Methods: Thirty-two Conexão ®
Introduction
The oral rehabilitation with implants has high success rates because of the process of osseointegration. For its occurrence, the primary stability must be respected [1] [2] [3] [4] [5] , defined as lack of mobility in the surgical stage. Biological and mechanical factors, influenced by surgical technique, bone quality and quantity, and implant's geometry 3, 6 , are the key factors that define the primary stability and then, the success of osseointegration.
Bone density is one of the most important parameters for the long-term success of dental implants. To observe the influence of this factor on primary stability in in vitro analysis, composed polyurethane substrates are frequently used [3] [4] [5] [6] , which is used as synthetic bone substitutes of the human bone and is used in studies of 159 159 159 159 159
implants. The human bones have high variability 7 and characteristics that may influence the reliability and validity of measurements, such as fenestrations 1 , which makes necessary a very large sample to obtain a satisfactory significance in statistical comparisons. This is a hindrance to studies due to problems of availability, handling, preparation and preservation of natural bones 7 . The knowledge of the bone density is essential for the dentist to come up with the best possible surgery plan, and selects the appropriate implant design to obtain primary stability. The development of new implant designs, surface treatments and a better understanding about bone biology have led to constant changings in implantodonty 8 . The large number of models available in the market or the absence of manufacturer's clarification the effectiveness of the different models leave the surgeon with doubts and raise questions about design features. Implant design should be widely studied by researchers in order to increase the surface area in contact with the bone, consequently the osseointegration, bone anchorage and load distribution [9] [10] . Therefore, the stability is a primary requirement to determine the type of prosthetic treatment that will be started, which should be evaluated prior to application of force
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. It is important the determination of a safe and practical method to detect the occurrence the primary stability. The numerical value of the initial stability can be provided for clinical instruments such as Periotest and Osstell, and can be translated as the insertion torque value measured during the final seating of the implant in the recipient bed, which provides information about the quality of local bone, it can easily be obtained with the aid of a surgical wrench.
In addition to the clinical methods used for measuring primary stability, there are mechanical tests that analyze the resistance to movement of the implants and may be related to the physical and chemical properties of the screw. The pullout strength implant, widely studied in the Medical Orthopedics, is multifactorial and is related to bone mineral density, with the implant design and surgical technique, and it is proportional to thread surface in contact with the bone tissue, to avoid its releasing and classifies it as a property of stability of the screw 12 . Nowadays, there are a few available reports in the literature about the tensile strength of dental implants, which it could certainly contribute to the study of primary stability and its relation to the design of implants, where its proper selection is imperative to decrease the magnitude, quantity, and type of loads imposed on the implant / bone interface 13 . It is believed that tensile tests associated with the insertion torque may add knowledge regarding to the primary stability of implants, since it can quantify the maximum force required for destabilization of the implant in bone. These studies are important for researchers to engage in search of new materials, devices and designs of screw that can fill the gaps offered by the limitations of the surgical technique and quality and quantity of bone site receiving the implant.
The aim of this study was to evaluate the primary stability of dental implants through performance tests to increase the knowledge of designs and bone densities, which allow increasing the primary stability due to a variety of available models with the progress and development in dental industry.
Material and methods

Substrates for implant placement
For this study was used National ® polyurethane (Nacional Ossos, Jaú, São Paulo, Brazil) in three different densities: 40, 20, 15 PCF or 0.64 g/cm 3 , 0.32 g/cm 3 and 0.24 g/cm 3 , respectively. The substrates had a rectangular shape with dimensions of 4.2 of height, 17.8 cm wide and 6.5 cm length, so that they make feasible their uses in mechanical testing; and homogeneous density, which allowed a standard analysis for the variable type of bone 7 and emphasized the comparison between the screws in relation to the shape on the surface treatment.
Implants
In the studies were used 32 implants Conexão ® (Conexão, Jau, Sao Paulo, Brazil) divided in four groups according to the their designs (n=8): cylindrical -Master Porous (external hexagon with double porous treatment of surface), Master Screw (external hexagon without surface treatment), Master Conect AR (internal hexagon with porous surface treatment); and conical -Master Conect Conico (external hexagon without surface treatment). The cylindrical implants had 3.75 mm diameter, while the conical implants had 3.5 mm. The length was 11.5 mm for all types of implants. (Figure 1 ) 
Installation of the implants
In each sample of polyurethane were installed two groups of implants, in a centralized way with respect to the side of the substrate. The preparation of hole in the polyurethane substrate started with a distance of 7 mm from the marking of the adjacent implant in order to prevent that the tests performed in an implant could interfere in the quality Effect of implant design and bone density in primary stability of the substrate. The holes were carried out following the sequence of cutters provided by the manufacturer (Conexão ® ). After each drilling and hole preparation, the implant was installed in its place with the supporting of a surgical torque wrench, and then it was measured the maximum insertion torque and then it was subjected to a tensile force until the pullout strength of the polyurethane of respective density. After their analysis, the implants were removed and installed in another density of polyurethane.
Analysis of Insertion Torque
The primary stability was measured by insertion torque with a support of digital wrench Mackena â (Mackena Indústria e Comércio Ltda., São Paulo, São Paulo, Brazil), model MK-2001; capable of torque measuring up to 120 N.cm. This was coupled to the mount-implants of the respective shapes of the external hexagon implants (cylindrical or conical), and to device developed for the connection with internal hexagon implants; both screwed on implants ( Figure 1 ) The value was measured in each turn of the screw, being considered the maximum value obtained, the maximum insertion torque. The torque wrench provided a numerical value which was passed to a formula obtained after calibration of the device, converting the value to N.cm unit: y= 0.0449x -0.7907, so y= value in N.cm, x= value with reading on the wrench.
Analysis of Pullout Strength
The analysis of pullout strength is used as a method to compare different shapes of metal screws according to the American Society for Testing and Materials 14 . To check the maximum pullout strength were used the same devices screwed in internal hexagon implants, and the respective mount-implants of conical and cylindrical external hexagon implants, for connection of the implant to the mobile basis of the testing machine. The substrate made of polyurethane with the implant inserted was located in the lower part of a steel lump with a hole in the center. The accessory developed and the mount -implants were connected to the implant by threads present in two structures and after that connected to the mobile basis from machine through a pin, being attached to a piece that served for adaptation in the load cell (200 kg) of the universal testing machine (Emic ® ; Emic Equipamentos e Sistemas de Ensaios Ltda., São José dos Pinhais, PR, Brazil) model DL-10000N. Each implant was submitted to the pullout testing by axial force a with a constant velocity of 2 mm/min. (Figure 2 ) Through the Tesc Software 1.13 Program was carried out the analysis of results obtained during the mechanics tests. It was evaluated the mechanical properties of tensile ultimate strength.
Statistical Analysis
The data were analyzed for their distribution and homogeneities. As the distribution was normal (KolmogorovSmirnov) and homogeneous (test of homogeneity of variances -Levene) two-way ANOVA and Tukey's test were applied with a significance level of 5%. 
Results
Analysis of Insertion Torque
Regarding the IT, MP and MS inserted to the substrate 40PCF showed higher values with statistically significant difference with all interactions implants x substrate; the densities of 15 and 20PCF was not statistically significant in all groups of implants. MP, MS, CC and CA did not differ significantly, even inserted in a lower density.
Master Porous and Master Screw implants inserted into polyurethane of 40 PCF showed the highest values of insertion torque -31.1 Ncm and 24.4 Ncm, respectively, without statistically significant difference; but there were differences with the others (p<0.05). However, when placed in substrates with density of 20 PCF and 15 PCF, did not show statistical difference. The CC and CA implants had no statistical difference inserted into polyurethane of any densities. In the polyurethane of 15 PCF, there was no statistically significant difference among all types of implants, which were also similar to the CC implants inserted into the substrate of 20 PCF. At the density of 20 PCF, CA had the greatest results and was different of CC implants (p<0.05). CC implants showed the lowest results in the polyurethane of 20 and 40 PCF, but in a lower density (15 PCF) the results were statistically equals to the other groups (p>0.05) (Figure 3) .
Analysis of Pullout Strength
The implants inserted into the polyurethane of 40 PCF showed the highest results of pullout strength and statistical difference (p<0.05) with all implants placed in the substrates of 20 and 15 PCF. Among them, the CA implants had the greatest results -1463.21 N with statistically significant difference from all other types of implants (p<0.05), which were similar to each other. In the polyurethane of 20 PCF, the Master Porous and Master Screw implants were statistically different from the other types (p<0,05), but were equal to the same models on the polyurethane of 15 PCF. The CC implants did not show statistically significant difference when Effect of implant design and bone density in primary stability inserted into the polyurethane of 20 and 15 PCF (p<0.05). Conect AR implant in polyurethane of 15 PCF did not have statistical difference with the same design, but significant difference was found when the implant was inserted into the substrate of 20 PCF density (Figure 4) . 
Discussion
The primary stability is essential factor for achievement of osseointegration 1, 3, 6 by preventing the formation of connective tissue in the implant / bone interface and allow the bone formation 6 which allows appropriate distribution of masticatory functional loads 3, 6 . Important strategies, such as increasing the quantity and quality of bone and appropriate implant designs have been investigated in order to provide the initial stability and achieve a greater predictability of osseointegration, particularly in bones of low density 6 , where an adequate primary anchorage is hardly achieved. Many methods have been proposed to measure the primary stability, such as the Periotest, the resonant frequency and insertion torque, non-invasive tools which provide numerical values of the stability of implant through the measurement of stiffness in the bone/implant interface during or after installation 15 . The insertion torque is the angular moment of force required that the screw advances the screw thread inside the mounting hardware 16 , and provides fast and objective information about the quality of local bone 6-15 and the primary stability at surgery 6 . According to Ottoni et al.
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, the risk of loss of implants submitted to immediate load is reduced until 20% for each growth of 9.8 N.cm in the insertion torque, which demonstrates the relation of these values have to do with the primary stability. The insertion torque seems to be one of the most efficient techniques and has fewer contraindications in measuring the primary stability 3 , so our study has selected this method to quantify this property.
Regarding the insertion torque the cylindrical implants with external hexagon of double surface treatment and without treatment (Master Porous and Master Screw), inserted into the polyurethane of 40 PCF, had higher values of all other types and other densities of substrate, demonstrating that cylindrical implants had a better performance. The comparison among different designs of implants was examined in several studies and noticed that conical implants have a higher insertion torque than cylindrical implants 3, 9 . However, checking the resonant frequency, Browers et al. 1 found higher values for the cylindrical implants compared with the conical, that confirms our results.
Statistically, the Master Porous and Master Screw implants were equals in the insertion torque of all densities and shows that the presence of surface treatment did not influence the results, despite having selected the use of machined implants (Master Screw and Conect Cônico) as negative control, due to better biomechanical characteristics of the treated implants, which its surface roughness, theoretically promotes a larger area of bone-implant contact [18] [19] . So, our results contradict studies that found a higher primary stability at treated implants 8, [19] [20] . However, our results can be explained by Cunha et al.
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, who concluded that the design is more important than the surface for primary stability, when verified that the stability of machined implants was the highest of those treated.
On these cylindrical implants with external hexagonal, the insertion in the highest density provided the highest values of insertion torque, but placed at densities of 20 and 15 PCF there was no difference between them, what shows that the density just influenced when was very high.
Both conical implants (Conect Cônico) and in the internal hexagon implants (Conect AR), at any density results of insertion torque were statistically identical, so there was no influence of density on these types of implants. These screw designs inserted into the polyurethane of 40 PCF showed equal values statistically to the Master Screw and Master Porous in polyurethane of PCF 20, pointing out that these cylindrical implants and external hexagon had a better performance. This is repeated in the conical implants at 20 PCF that had equal values of insertion torque to the Master 
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Screw and Master Porous in the substrate of PCF 15, showing again the best performance of these implants that shows higher values even in a lower density.
In the density of 15 PCF there was no statistically significant difference on insertion torque between the shapes of the implants, seeming that there is no influence in the shape in the low density. In the density of 20 PCF, only the internal hexagonal implants, that had the highest values of torque, presented statistically different from the others. The conical implant had better performance of insertion torque when inserted into the lower density in comparison with their results in the other two densities, however it was statistically equal to the cylindrical implants.
In addition to the methods already proposed to assess the initial fixation of implants, some mechanical tests have been suggested, such as pullout strength, widely used and researched in studies of orthopedic implants 12, 22 , and dental implants for measuring osseointegration by bonding strength of bone-implant 23 . The pullout strength is influenced by geometric features of the screw, such as shape, diameter and shape of the threads. In addition to the geometrical characteristics, surgical technique and substrate, especially with respect of density, also have influence about results 12 . Despite the pullout test be static axial force application, these factors are also related to primary stability, so our work has proposed this method to compare different screws, as well its form as surface treatment.
When analyzing the maximum pullout strength, there was statistical difference among the groups of implants inserted in 40, 20 and 15 PCF; therefore the density of the substrate influences the stability of the screw. The values of cylindrical internal hexagon implants with treatment placed in the highest density (40 PCF) presented the highest and with statistically difference with all others, but among other implant designs (conical and cylindrical external hexagon, with or without double treatment) in the same material, there was no difference, showing that the shape and treatment did not influence, and probably the type of connection influenced. In the polyurethane of 20 PCF the cylindrical implants and internal hexagon showed once more higher values of pullout strength, and they were statistically equals to those inserted into 15 PCF. They were also equals to the conical in 20 PCF, which they did not differ when inserted into the polyurethane of 15 PCF, showing that the lowest density values do not interfere in the results of the conical and internal hexagon implants. The same happened with cylindrical implants and external hexagon with double treatment and without it, where there wasn't difference to them as much 20 as 15 PCF, and besides, these types of designs there were not difference, showing that the existence of treatment did not influence the maximum pullout strength.
Generally, cylindrical implants showed a better performance in pullout strength than the conical ones, in contrast to some studies that pointed out that conical screws had higher values than the cylindrical ones, both in insertion torque and pullout resistance 22 , due to the progressive increase of the diameter to get promotes the compression of the material around them 12 . However, the fact of the connection of the implants be internal hexagon, these procedure may have influenced on these superior strength results; and in the densities of 20 and 15 PCF, these conical implants had larger and statistically different results, from that cylindrical implants with external hexagon. Moreover, the conical implants had a smaller diameter than the cylindrical ones, due to the availability of the company; and it can have influenced the values of insertion torque and pullout strength as well as the study of Lill et al. 24 , that showed the screws with conical design may present inferior mechanical properties when compared to machine screws in different sizes.
According to the methodology and results, considering the limitations of this study, the surface treatment of implants did not influence the analysis of insertion torque and maximum pullout strength; cylindrical implants showed better performance on primary stability compared to the tapered implants in the utilized analysis; and the highest density of the substrate (40 PCF) influenced positively the results of primary stability of dental implants analyzed.
The relationship between primary stability and implant design presents different results, because studies are done using implants with different diameters, lengths and designs. Additionally, for some authors, the primary stability is more affected by the quantity and quality of the bone than the design of the implant 25 , as well as our study; and thus, the differences found in the literature may be based in the use of different substrates, synthetic or naturals; or even though with the use of dried bones that have up to 10% of the increase of elasticity modulus in comparison to the fresh bone 1 what influences the stiffness of the bone-implant interface. This study examined only the mechanical aspects of the effect of design and surface treatment over the primary stability of dental implants. Biological factors, as individual characteristics and local variations of the human bone, as well as modifications in surgical technique to increase the anchoring of implants, are influential in the primary stability in a clinical situation.
Currently, there are several commercial brands of implants that vary in their shape, size, diameter, surface treatment, spacing of the coils, presence and extension of self-drilling region of implants, and prosthetic connections. The purpose of these modifications is to provide an implant that increases and improves the biological contact of the bone-implant interface, and thus promote a fast osseointegration, a better distribution of stress to the receiver bone bed and greater primary stability 10 . It should be reminded that the correlation between primary stability and pullout strength is a biomechanical suggestion. Thus, the higher stability of the screw in the inner bone suggests that the pullout strength is greater and, according to Kim et al. 26 , this property can be used to test the mechanical stability of implants.
